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a b s t r a c t 
Cardiac resynchronization therapy (CRT) has been a major step in the treatment of heart failure patients 
and intraventricular conduction delay. As a considerable number of patients do not respond adequately 
to CRT, echocardiographic dyssynchrony selection criteria have been proposed to improve CRT response, 
but these parameters eventually failed to provide superior selection of CRT candidates. 
In the last decade, an echo-dyssynchrony parameter called “septal ﬂash” was been reported by sev- 
eral investigators and opinion leaders in the ﬁeld of CRT. This parameter has a strong pathophysiological 
rationale and was shown to be a robust and predominant predictor of CRT response in recent obser- 
vational and retrospective studies. We here provide a comprehensive and balanced overview of septal 
ﬂash and address several important aspects, questions and potential future implications of septal ﬂash in 
cardiomyopathy and CRT. 
© 2019 The Authors. Published by Elsevier Inc. 
This is an open access article under the CC BY-NC-ND license. 
( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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Cardiac resynchronization therapy (CRT) was conceived to tar-
et heart failure patients with intraventricular conduction delay
wide QRS complex) that is associated with poor coordination of
entricular contraction and clinical outcome [1] . However, a con-
iderable number of patients do not appear to respond adequately
o CRT and attempts to predict and improve CRT response rates
ave focused on the presence and magnitude of cardiac dyssyn-
hrony. Dyssynchrony has been assessed by a plethora of echocar-
iographic methods and appeared promising in initial monocenter
tudies [2,3] . The concept that echo-dyssynchrony provided supe-
ior patient selection compared to QRS duration/morphology also
ueled interest for targeting dyssynchrony in heart failure patients
ith narrow QRS [4] . However, multicenter studies have cast se-
ious doubts on the value of the echo-dyssynchrony parameters
nd therefore they have never been considered by international
uidelines [5,6] . Also in narrow QRS, echo-assessed dyssynchrony
eemed futile in most patients, and concerns were raised because
f possible harm [4] . ∗ Corresponding author at: Department of Cardiology 8-K12, University Hospital 
ent, C. Heymanslaan 10, Gent 90 0 0, Belgium. 
E-mail address: frank.timmermans@ugent.be (F. Timmermans). 
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The deﬁnition of dyssynchrony, its pathophysiology, and the
ay it should be captured/measured have been a matter of debate
n the ﬁeld of CRT for many years. 
Mechanical dyssynchrony has been deﬁned as the dispar-
ty in regional contraction timing or an uncoordinated, non-
omogeneous regional myocardial motion. This uncoordinated 
ontraction has mostly been assessed by echocardiography [7] .
owever, most studies have examined wall motion with echocar-
iography, but the measurements did not clarify whether the cause
f dyssynchrony is related to a delay in electrical activation (broad
RS) or results from heterogeneity in loading and/or contractile
roperties of the wall, independent of QRS duration. In essence,
yssynchrony can be triggered by (a) an electrical substrate (i.e.
eft bundle branch block, LBBB) that is potentially responsive to
RT and (b) pure mechanical dyssynchrony (e.g. heterogeneity in
oading) that is not fed by an electrical substrate, and therefore
ess or unresponsive to CRT [8] . However, with the echocardio-
raphic techniques used in the early CRT studies, it remained
iﬃcult to distinguish electrical from pure, primary mechanical
yssynchrony. This missing link between mechanical and electri-
al dyssynchrony likely explains part of the controversy on echo-
yssynchrony measures to improve patient selection and response
o CRT. nder the CC BY-NC-ND license. ( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
tal ﬂash: At the heart of cardiac dyssynchrony, Trends in Cardio- 
2 S. Calle, C. Delens and V. Kamoen et al. / Trends in Cardiovascular Medicine xxx (xxxx) xxx 
ARTICLE IN PRESS 
JID: TCM [m5G; April 12, 2019;14:9 ] 
Fig. 1. Septal ﬂash on M-mode imaging . 
A parasternal M-mode of the LV is shown from a patient with typical LBBB, demonstrating septal ﬂash (yellow arrows). A short inward motion of the septum (before ejection) 
is followed by stretching of the LV lateral wall. (For interpretation of the references to colour in this ﬁgure legend, the reader is referred to the web version of this article.) 
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scribed functional lines of conduction block that slow conduction Septal ﬂash: the optimal marker of electro-mechanical 
dyssynchrony? 
History of septal ﬂash 
Septal ﬂash (SF) was described for the ﬁrst time by Feigen-
baum’s group in 1974 where “septal beak” was described with
M-mode in patients with LBBB ( Fig. 1 ) [9] . The prevalence of SF
among LBBB patients varies substantially (45–63%), depending on
the population studied and on how stringent LBBB criteria are ap-
plied [10,11] . Also, the temporal relationship between the occur-
rence of LBBB and SF is unknown, as no large epidemiological or
follow-up studies are available on this issue [12] . 
Importantly, in the early years of “dyssynchrony in CRT”, many
echo-dyssynchrony parameters have been reported, but septal beak
or SF was never considered [5] . Only in 2008, Parsai et al. intro-
duced this particular septal motion in the ﬁeld of CRT as a speciﬁc
marker of dyssynchrony due to electrical disease [13] . Eventually,
the presence of SF was shown to be a robust and dominant pre-
dictor of CRT response in heart failure patients with LBBB in ob-
servational and retrospective studies [11,14–18] . 
Pathophysiology of SF 
In Fig. 2 , an echocardiographic speckle tracking-based strain
analysis of the septal wall and postero-lateral wall is shown of a
patient with LBBB and a clear SF [8,19,20] . As can be appreciated,
SF makes part of a typical contraction-and-stretch pattern of thePlease cite this article as: S. Calle, C. Delens and V. Kamoen et al., Sep
vascular Medicine, https://doi.org/10.1016/j.tcm.2019.03.008 eft ventricular (LV) wall in LBBB, as explained in the Fig. 1 leg-
nd. SF is a fast leftward septal motion during early systole, that
tarts and mostly ends before opening of the aortic valve; it thus
ccurs during most of the systolic isovolumetric period [8] . This
F movement can be easily seen with simple eye-balling during
chocardiography and can be captured on septal strain analysis
s shown in Fig. 2 [11] . Although the main focus of this review
s on SF, apical rocking (AR) also makes up part of the typical
BBB contraction pattern and both are therefore strongly interre-
ated [11] . During the SF right-to-left motion, the LV apex is teth-
red towards the septum, which constitutes the ﬁrst part of the
R movement. At the time of SF and early AR, the postero-lateral
all is stretched, which is shown in Fig. 2 . This postero-lateral pre-
tretch is caused by the relative premature contraction of the right
entricle (RV) and septal wall [8,21–23] . Animal studies and sim-
lation models have provided evidence that SF has both an active
septal contraction) and passive component. The passive compo-
ent is due to the relative premature contraction of the RV com-
ared to the LV that creates an early transseptal pressure differ-
nce between right and left ventricle, causing the septum to move
rom right to left [21–24] . In typical LBBB, the septum is elec-
rically activated from the right side instead of the left side, and
his right-to-left transseptal activation is signiﬁcantly prolonged in
BBB [25,26] . Following this transseptal depolarization, the suben-
ocardial septal LV region is reached at a septal breakthrough site,
nd impulse propagation ensues along the LV. However, electro-
hysiology (EP) studies in patients with LBBB and SF have de-tal ﬂash: At the heart of cardiac dyssynchrony, Trends in Cardio- 
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Fig. 2. Septal and postero-lateral wall strain patterns in LBBB and impact of wall contractility . 
In panel A, the longitudinal strain pattern is shown for both the septum (blue line) and postero-lateral wall (green line) in normal individuals (no LBBB). Corresponding left 
ventricular (LV) pressure measurements are shown in grey. No clear differences are noted for timing or strain values between septum and postero-lateral wall. In panel B, 
a “classical pattern” of strain is shown for both the septum and postero-lateral wall in typical LBBB. Red represents shortening. (1) indicates septal ﬂash (SF) during pre- 
ejection and associated prestretch of the postero-lateral wall (2); following the onset of postero-lateral wall contraction (3), the septum is stretched (septal rebound stretch, 
SRS) (4); the postero-lateral wall continues a relatively forceful contraction (5) compared to the septum. Systolic stretch index (SSI) is deﬁned as the sum of postero-lateral 
prestretch and SRS (2 + 4). The LV pressure tracing reveals septal shortening during relatively low LV pressure. The x-axis denotes time whereas the y-axis provides strain 
values in %. MVC: mitral valve closure; AVO: aortic valve opening; AVC: aortic valve closure; MVO: mitral valve opening. (For interpretation of the references to colour in 
this ﬁgure legend, the reader is referred to the web version of this article.) 
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i  o the postero-lateral wall, and hence cause delayed contraction of
he postero-lateral wall [26] . The pathophysiological mechanisms
overning these functional lines of block remain unknown, but it
s hypothesized that the premature RV contraction and SF itself
ay induce myocardial stretch that causes slowed conduction [26] .
owever, there is controversy on the occurrence of these “lines of
lock” in LBBB, and some authors even suggest that these lines of 
lock represent artifacts [27–29] . Therefore further clariﬁcation is
eeded on this issue. 
When the postero-lateral wall ﬁnally contracts, the septum is
tretched from left to right (so-called septal rebound stretch, SRS
 Fig. 2 )) and the LV apex moves to the left, creating the second
ovement of the AR [21,24] . 
Thus, it can be appreciated that SF makes part of an LBBB-
ltered activation pattern with early RV and septal contraction rel-
tive to the postero-lateral wall. Secondly, SF and AR both re-
ect the same underlying pathophysiology and both are mostly
resent in the same patients, although sometimes with different
agnitude [11] . As SF makes up part of the sequential events
n the LBBB-induced dyssynchrony pattern, this makes it a ro-
ust and pathophysiological marker of true electrically-mediated
yssynchrony. As such, SF differs from previous echo-dyssynchrony
pproaches that only focused on time delays between myocar-
ial segments and RV/LV ejection delays, and potentially captured
dyssynchrony” independent from an electrical substrate (“false
ositive”) [8] . Moreover, SF may not have been captured with pre-
ious echo approaches as these methods mainly focused on longi-
udinal motion, whereas SF is a predominant transversal motion
26] . Especially in systolic and diastolic heart failure, longitudi-
al LV shorting is ﬁrst and mostly more affected than radial wall
hortening [30] . Last but not least, time delays between contraction
f myocardial segments have been considered within the LV ejec- u
Please cite this article as: S. Calle, C. Delens and V. Kamoen et al., Sep
vascular Medicine, https://doi.org/10.1016/j.tcm.2019.03.008 ion window and might not have captured true electro-mechanical
yssynchrony because SF occurs before ejection [8] . 
In CRT literature, terms such as SF, AR, SRS and systolic stretch
ndex (SSI) are often used by investigators and this terminology
ay appear confusing for practitioners in the ﬁeld. However, as
hown in Fig. 2 , these myocardial contraction-and-stretch indica-
ors all make part of the typical LBBB contraction-and-stretch pat-
ern of the septal and postero-lateral wall. SSI is deﬁned as the
um of early postero-lateral prestretch and SRS. Similar to SF and
R [11,14] , both strain-based quantiﬁcation of SRS and SSI have
een shown to predict CRT response [31,32] . However, a prospec-
ive study involving a head-to-head comparison of these four
arameters to show superior or complementary CRT response pre-
iction has not been performed yet. In one retrospective study
owever, SF, AR and SSI performed similarly in predicting CRT re-
ponse in experienced echocardiographers [33] . 
ow to assess SF? 
SF has mostly been assessed by echocardiography using eye-
alling, M-mode and speckle tracking-based strain imaging, as il-
ustrated in Figs. 1 and 2 , but also using magnetic resonance imag-
ng [8,13,17] . The related AR movement is also easy to assess visu-
lly and the group from Voigt established an approach for quanti-
ying AR [24] . 
A gold standard method for assessing the qualitative nature of
F in humans is lacking. Moreover, the extent of SF may vary from
atient to patient and the assessment is affected by the investi-
ator’s level of experience [10,33] . Therefore, some of the criticism
n SF may relate to the eye-balling method. However, eye-balling is
nherent to echocardiography and visual function assessment is not
ncommon among experienced echocardiographers. Visual assess- tal ﬂash: At the heart of cardiac dyssynchrony, Trends in Cardio- 
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Table 1 
Potential conditions that can prevent SF to occur despite LBBB. 
a. High end-diastolic RV pressures that causes end-diastolic right-to-left septal shift, obscuring the subtle leftward motion of SF. 
b. RV dysfunction blunting the passive, pressure-mediated component of SF. 
c. Slow RBB conduction concealed within LBBB, resulting in slow RV contraction and septal activation. This would suggest that SF might occur only 
when RBB conduction is intact. 
d. A septal scar could blunt the active contraction component of SF. Alternatively, a postero-lateral scar might attenuate the SRS movement and thus 
obscure a clear SF movement. 
e. Despite LBBB, the electrophysiological activation might not favor the occurrence of SF. For instance, a septal fascicle could bypass the otherwise slow 
transseptal conduction. 
f. If SF would ﬁrst require LBBB-induced LV remodelling to occur, it might be not or less apparent following early onset of LBBB. 
g. The echocardiographic method used to assess SF might not capture the SF movement because of too low sensitivity or because the interrogating angle 
is not compatible with the latero-lateral orientation of the SF. 
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r  ments in echocardiography correlate well with formal methods of
quantiﬁcation and it is even the guideline-recommended method
for decision-making in several ﬁelds (e.g. stress echocardiography)
[11] . In this regard, De Boeck et al. invited 9 expert faculty mem-
bers of an international echocardiography congress to analyze ve-
locity traces from 18 consecutive patients. Full agreement occurred
in only 3 cases, resulting in an interclass correlation coeﬃcient of
0,42. In contrast, visual assessment of “dyssynchrony” scored bet-
ter than many of the echo-dyssynchrony parameters at that time.
However, it remains unknown whether the visual dyssynchrony as-
sessment involved SF in that study [34] . In studies assessing the
presence of SF and AR, interobserver agreement for visual assess-
ment of SF and AR in LBBB patients varied from 79% to 100% and
from 86% to 88%, respectively [10,11,14,35] . 
In the literature, speckle tracking echocardiography has been
used to assess LBBB contraction patterns in longitudinal, radial and
circumferential directions. As SF is reported to be a predominant
transversal motion at visual inspection, radial strain analysis would
logically be a good approach to identify potential responders to
CRT [36–38] . However, longitudinal strain analysis is mostly per-
formed/reported, as it might be more feasible and reproducible
than radial strain [31] . Moreover, in general longitudinal strain val-
ues correlate better with outcome compared to radial strain values
[30] . More speciﬁcally, also longitudinal speckle tracking-assessed
SRS and SSI predict reverse remodeling and improved outcome af-
ter CRT [31,32] . 
Does SF deﬁne typical (proximal) LBBB? 
An EP study in LBBB patients has shown different electrical acti-
vation patterns with regard to transseptal conduction time, hetero-
geneous foci of septal breakthrough, and functional lines of block
in the LV. Notably, these heterogeneous EP patterns could not be
discerned by the surface ECG [25] . However, in this study, hetero-
geneous cardiac diseases were examined and this might explain
the variable EP patterns [25] . On the contrary, in patients with
LBBB and SF, a more consistent EP pattern was observed, indicating
that SF probably identiﬁes a particular subset of “LBBB hearts” [26] .
Moreover, as experimental LBBB (ablation of the proximal part of
the left bundle) generates a typical SF, it can be assumed that the
EP pattern in these LBBB/SF patients is related to the proximal na-
ture of the conduction block [22,39] . Aortic valve interventions can
also cause LBBB, and the fact that His-bundle pacing can correct
LBBB strongly argues for a proximal pathogenesis of LBBB [40] . Ob-
viously, more studies are required to assess the relation between
proximal LBBB genesis and SF. 
Blunting, obscuring or mimicking SF: potential scenarios 
It was previously shown that SF does not occur in patients with
conduction blocks other than LBBB, such as right bundle branch
block (RBBB), left anterior hemiblock or left posterior hemiblock
[10] . Therefore, SF is an electro-mechanical dyssynchrony markerPlease cite this article as: S. Calle, C. Delens and V. Kamoen et al., Sep
vascular Medicine, https://doi.org/10.1016/j.tcm.2019.03.008 hat occurs speciﬁcally in patients with LBBB. Yet, several condi-
ions that could obscure or prevent SF despite “typical LBBB” have
een suggested and are listed in Table 1 [21,23,41] . 
For instance, coexisting myocardial disease/scar that affects re-
ional contractility at the septum/lateral wall can modify the
lectro-mechanical sequences that govern SF [41,42] . In fact, a
tudy by the Smiseth group induced LV lateral wall ischemia in
ogs with experimentally induced LBBB and observed an abolished
RS, eventually masking SF and improving septal systolic shorten-
ng [43] . 
Also, pathologies that affect the RV or RBB may affect the ap-
earance or magnitude of SF [21,23] . In line with this, it can be
ypothesized that for SF to occur, the conduction properties of the
BB should be intact because slowed RBB conduction could affect
a) the simultaneous “en masse” right-to-left septal activation (ac-
ive component of SF) and (b) the RV contraction that governs the
assive right-to-left component of SF. 
Importantly, although the simulation studies by the Prinzen
roup provided some scenarios and insights on why SF might not
ccur [21] , it remains unclear how the altered contractility sim-
lations in their CircAdapt model would be compatible with true
BBB, which is the major target population in CRT. Indeed, some
f the potential scenarios listed in Table 1 (d, e, g), such as a large
eptal scar etc., may not be compatible with a typical LBBB on the
urface ECG. 
Could we unmask SF in situations that blunt or obscure SF? The
nswer to this question remains unclear, and we can only encour-
ge future investigations on this issue. Obviously, the surface ECG
hould always be carefully evaluated for the presence of typical
BBB, as SF occurs only in “bona ﬁde” LBBB. Of interest, one study
howed that a dobutamine challenge has the potential to unmask
r increase SF [44] . 
Finally, some conditions could theoretically also mimic SF to
ome degree. Passive right-to-left lateral motion could occur in
igh RV pressures and/or septal scar. However, in these conditions,
he right-to-left septal movement is not supposed to be as short-
ived as SF, but it might be challenging for less trained echocardio-
raphers. 
BBB-induced LV remodelling 
Smiseth’s group has demonstrated that LBBB causes septal
ypocontractility [45] . Since the septum represents approximately
ne third of the LV mass, loss of a large portion of septal contri-
ution to LV function in LBBB adds substantial workload on the
V lateral wall. This loss of septal work and increased workload
n the lateral wall is probably a major stimulus to adverse LV re-
odelling in patients with LBBB, and may be causative or con-
ributive to further LV dysfunction. In other words, LBBB may be
he primary cause of cardiomyopathy (CMP) (LBBB-induced CMP),
ut can as well contribute to further LV dysfunction in patients
ith a co-existent CMP unrelated to LBBB [46] . As LBBB acts di-
ectly on the LV ejection fraction, this may explain why some stud-tal ﬂash: At the heart of cardiac dyssynchrony, Trends in Cardio- 
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r  es have concluded that LBBB is not an independent cardiovascular
isk factor, as correcting for ejection fraction eliminates the most
mportant hemodynamic effect of LBBB [19] . Given the evidence
hat LBBB directly affects LV hemodynamics, it also has been ques-
ioned whether or to what extent heart failure medications could
ackle this LBBB-related mechanical LV pathology [47] . 
As described earlier, LBBB hearts often reveal hypertrophy of
he LV lateral wall and thinning of the septum [39] . The reason
or the septal thinning is not entirely clear, but probably reﬂects
 “muscular deconditioning or hibernation” as the septal contribu-
ion to LV ejection is excluded in typical LBBB/SF. Indeed, in typi-
al LBBB patients with SF, septal contraction starts and ends in the
ystolic isovolumetric phase and therefore does not contribute to
jection of blood [8,39] . Therefore, the relatively early septal con-
raction in LBBB is adjudicated as “wasted energy” that is trans-
erred to the stretching of the postero-lateral wall rather than its
ontribution to ejection of blood [45] . In line with this, the main
eason for reduced septal perfusion in LBBB is probably normal au-
oregulation of the myocardial microcirculation and perfusion due
o less septal metabolic demands [48] . Conversely, the compen-
atory work of the lateral wall, triggered by the early stretch due
o “premature” RV and septal contraction induces the typical lat-
ral hypertrophy [39] . 
In animal studies, the acute occurrence of SF after induced
BBB has been described [42,43,49] . In humans, there are currently
o community data available on the natural history of SF follow-
ng the onset of LBBB in humans. It therefore remains specula-
ive whether SF is already present or prominent following acute
BBB, or whether it ﬁrst requires a LBBB-induced LV remodelling to
he “thin-septum-thick-lateral-wall” phenotype before SF emerges 
r becomes more prominent. A recent study investigated the oc-
urrence of dyssynchrony following TAVR-induced LBBB but rarely
ound a “classical dyssynchrony” pattern at the early stage follow- 
ng TAVR [12] . However, eye-balling SF was not performed and
 subtle SF may not have been captured with the longitudinal
train analysis, as explained above [12] . Another unresolved issue
s whether SF itself contributes to the reshaping of the LV pheno-
ype in typical LBBB. This intriguing question could be addressed
n animal studies, simulation models and follow-up studies in pa-
ients with new onset LBBB. 
F and understanding variable responses to CRT 
With the reappraisal of SF and recent studies on LBBB, new in-
ights have emerged on how CRT improves LV function in LBBB
50,51] . Super responders with respect to reverse remodelling are
 well-recognized population in CRT. Recent reports suggest that
n these patients, LBBB itself causes the CMP as described above.
ollowing CRT implant, not only is synchrony restored (with disap-
earance of SF), but also the septal wall thickness and contractility
s markedly improved [46] . This is probably because the electrical
ctivation of the septal wall is restored, instead of the abnormal
ight-to-left transseptal activation in LBBB accompanied with SF
26,52] . Moreover, the disappearance of SF probably indicates that
ormal septal activation is restored irrespective of “biventricular’
r ‘LV pacing only”. The pathophysiological substrate of SF could
xplain why LV pacing only can restore SF-dyssynchrony: the LV
aced ventricle propagates the depolarization front from the left
o the right side of the septum, making SF disappear and restor-
ng septal function. This ﬁts with previous work from Little et al.,
here LV pacing prevents the leftward motion of the septum in
ontrast to RV pacing [53] . Likewise, using MRI, Prinzen’s group il-
ustrated similar effects of RV versus LV pacing on the septal work
52] . 
Thus, a major modus operandi in CRT is normalization of the
eptal wall activation, which results in disappearance of SF andPlease cite this article as: S. Calle, C. Delens and V. Kamoen et al., Sep
vascular Medicine, https://doi.org/10.1016/j.tcm.2019.03.008 estoring septal function and thickness, as long as the activa-
ion front is more or less restored from left to right in the sep-
um [45,50] . As a consequence, there appears no absolute re-
uirement for biventricular pacing to restore SF-dyssynchrony and
eptal function. In fact, His-bundle pacing may even become the
lternative for a LV lead in the future, as His-bundle pacing re-
tores the QRS complex in many patients with BBB [54–56] . 
Finally, the concept of SF also explains why RV pacing could
e deleterious in some: right-to-left septal activation can result
n SF and septal hypocontractility [57] . Conversely, if the RV lead
ip would approximate and quickly activate the LV subendocardial
onduction system, normal septal activation will occur and SF and
eptal hypocontractility may not appear [52] . In this regard, a deep
eptal screw-in of the RV lead, a transseptal lead or His-bundle
acing results in a normal left-to-right septal activation and pre-
ents SF and septal hypofunction [58] . These considerations conse-
uently explain why RV pacing is not per se deleterious, as long as
he LV conduction system is quickly activated following the electri-
al impulse of the RV lead. 
Based on the insights on LBBB/SF, we may now better under-
tand why a spectrum from harm, no response to super response
an occur following CRT implant, apart from many other variables
hat may affect CRT response. In Fig. 3 , we propose 6 different
ypothetical scenarios in patients with systolic heart failure, and
ow response (reverse remodelling) may vary following CRT im-
lant, depending on the presence-absence of LBBB/SF and apart
rom many other variables affecting CRT-induced reverse remod-
lling. In Fig. 3 A, severe LV dysfunction is primarily caused by LBBB
tself and complete reverse remodelling ensues following CRT (su-
er responder [46] ). In Fig. 3 B, we hypothesize that the LV dysfunc-
ion caused by LBBB itself has evolved to an advanced stage and
annot fully reverse following CRT. In Fig. 3 C, the LV dysfunction
s caused by both a cardiomyopathic process and LBBB-induced
V remodelling. Here, we hypothesize that only the LBBB-induced
ysfunction/remodelling can be reversed by CRT, but clear proof is
acking on this issue. Although it was shown that heart failure pa-
ients with LBBB but without SF ( Fig. 3 D) demonstrate much less
everse remodelling [14] , these patients remain a clear CRT target
ccording to the guidelines. Patients without LBBB (and thus no SF)
 Fig. 3 E) remain a diﬃcult target population with low evidence of
RT beneﬁt, but further research in this ﬁeld is mandatory [59] . 
s there any room left for SF as dyssynchrony parameter in the 
eld of CRT? 
In the last decade, improvements in CRT have been realized
ased on the identiﬁcation of clinical (gender, renal dysfunction),
yocardial (scar), electrical issues (better identiﬁcation of LBBB,
evice-related issues (programming, lead position), and innova-
ions in CRT devices (multipolar electrodes, synchronizing algo-
ithms) that are related to CRT response [60] . The recent stud-
es of LBBB and SF have also shed important insights in LBBB
lectro-mechanics, LBBB-induced CMP and mechanisms of LV func-
ion recovery and reverse remodelling with CRT. Moreover, because
 gold standard for detecting dyssynchrony is lacking, SF may have
 prominent role as dyssynchrony parameter because it has been
alidated in outcome studies, it reﬂects an electrically-based me-
hanical dyssynchrony pattern (thus amenable for CRT), and it was
hown to be superior to the previous echo-dyssynchrony methods
n predicting CRT response [11,14,16] . In fact, most of the echo-
yssynchrony methods such as TDI, M-mode, etc. were not val-
dated with gold standard approaches for dyssynchrony, yet they
ave been widely applied by investigators and clinicians [8] . Also,
yssynchrony between two single myocardial segments suﬃced to
core dyssynchrony as relevant, which is questionable as this rep-
esents only a minor fraction of the LV mass. On the contrary, intal ﬂash: At the heart of cardiac dyssynchrony, Trends in Cardio- 
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Fig. 3. CRT-induced reverse remodelling in heart failure with LBBB/SF . 
In situation A, the CMP is purely induced by LBBB and SF is obvious. These patients are very likely to be super responders with cardiac restutio ad integrum. In the example, 
the EF increases from 34% to 54%. In the hypothetical population B, the LBBB-induced CMP has evolved beyond the “point of no return” and CRT does not fully restore 
cardiac structure/function. In these patients, SF may be present, but the extent of SF may be attenuated because of severe LV dysfunction. EF evolves from 26% to 34% in 
the example following CRT implant. In C, a CMP reduces LV function to an EF of 41% and an incidental LBBB with SF is superimposed that further deteriorates LV function 
(EF to 34%). Here, CRT will probably only target the LBBB-induced LV dysfunction/ remodelling component, but full recovery is not to be expected (EF 41% following CRT). 
In fact, the cardiomyopathic process may eventually lead to progressive LV dysfunction over time. In D, patients have a CMP with LBBB (EF 34%), but without a clear SF on 
echocardiography. Various reasons for the absence of SF are described above, but these patients remain a CRT target, although reverse remodelling following CRT remains 
less pronounced (EF from 34 to 38% in this example) [14] . In E, patients with CMP and broad QRS not related to LBBB (and no SF) represent a population where CRT has a 
low probability to improve the clinical situation of the patients and reverse remodelling is unlikely in this cohort. (For interpretation of the references to colour in this ﬁgure 
legend, the reader is referred to the web version of this article.) 
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t  SF the entire septal wall is/becomes mostly hypokinetic, which is a
major LV mass that can be targeted and recruited with CRT. Finally,
as SF is a fast, robust and reproducible “dyssynchrony eye-catcher”,
it might also be used as a parameter to optimize CRT programming
in individual patients. Therefore, we believe that SF and AR merit
consideration as “reference dyssynchrony” markers. 
Although SF provides major advantages for assessing dyssyn-
chrony, it is rare in clinical practice that a single parameter har-
bors all of the predictive features of a pathology with respect to
prognosis or therapeutic response. Neither SF escapes from this
dogma. Indeed, response rates in CRT are also determined by vari-
ables that may inhibit SF from disappearing following CRT such
as lead position, improper CRT programming, and the extent of
reverse remodelling may also be affected because of myocardial
scar or evolving cardiac disease. Some of these parameters are in-
cluded in recent scoring systems such as the CAVIAR and LANDS
scores that better predict responses than the individual parame-
ters [15,16] . Yet, in these scoring systems, SF and AR have a domi-
nant role, which again underscores the clinical relevance of SF and
AR [15,16] . In a large retrospective and observational study, adding
AR and/or SF to most current ESC and AHA CRT recommendations l
Please cite this article as: S. Calle, C. Delens and V. Kamoen et al., Sep
vascular Medicine, https://doi.org/10.1016/j.tcm.2019.03.008 mproved the prediction of volumetric CRT response and survival
ates in all guideline-recommended classes [61] . Moreover, 41% of
atients who were not recommended for CRT implant showed im-
roved response rates. This indicates that there is potential room
or improving sensitivity and speciﬁcity of current CRT guideline
riteria. On the other hand, it remains to be explored why and
ow CRT may provide beneﬁt (reverse remodelling/clinical bene-
t) in patients with LBBB without SF or AR. 
F: future perspectives 
First, a better understanding of the natural history and interac-
ion between the onset of LBBB, SF and LV dysfunction is manda-
ory. Secondly, although SF appears to be a promising concept and
ay help in predicting CRT response in observational studies and
etrospective studies, randomized prospective multicenter trials
ay be required. The ongoing EuroCRT observational international
tudy will test the role of CMR and modern echocardiographic-
pdated parameters (including SF and AR) to predict the response
o CRT among patients implanted according to the current guide-
ines [62] . tal ﬂash: At the heart of cardiac dyssynchrony, Trends in Cardio- 
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 Another merit of SF is that it attracted our attention to
he pathophysiology of LBBB and its association with the LBBB-
emodelled ventricle with decreased EF. As not all patients with SF
evelop signiﬁcant LV dysfunction, risk factors (genetic, hemody-
amic) that modulate LBBB-induced remodelling and CMP remain
o be explored. Interestingly, a recent observation suggested in-
reased afterload sensitivity (arterial hypertension) in patients with
BBB, as hypertension was shown to play a role in the pathophys-
ological reverse remodelling of LBBB [63] . 
Finally, the underlying cellular and molecular events governing
he LBBB-reshaped ventricle are of interest [40] . Unravelling these
vents may lead to the identiﬁcation of a typical molecular signa-
ure in the septum, and comparisons of the molecular biology to
ther cardiomyopathies or hibernating myocardium may be infor-
ative. These ﬁndings could be a benchmark for molecular imag-
ng and pharmacological innovations to target speciﬁc cardiomyo-
athic pathways. 
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